A simple 'diary' technique has been used in London and in other large towns to examine the relationship between daily changes in the condition of bronchitic patients and their environment. It has been shown that these changes are closely related to air pollution, as indicated by the concentrations of smoke or sulphur dioxide. There is some evidence that patients are more sensitive to the effects of pollution at the beginning than at the end of each winter. Comparative studies are now being made in London at five-year intervals to study any change in response following the definite reduction in smoke concentrations. Results indicate some decline in the response of patients to specified concentrations of sulphur dioxide, but in recent years there have been few days on which pollution has been high enough to produce any response.
In the notorious London fog of December 1952 the deaths of some 4,000 were attributed to the effects of the extraordinarily high concentrations of smoke, sulphur dioxide, and other pollutants reached at the time (Ministry of Health, 1954) . Subsequently it was shown (Gore and Shaddick, 1958; Bradley, Logan, and Martin, 1958) that in other foggy periods in London changes in mortality could be related to increases in the concentrations of smoke and sulphur dioxide. More detailed studies revealed a general relationship between mortality and morbidity in Greater London and the concentrations of smoke and sulphur dioxide throughout the winter months (Martin and Bradley, 1960; Martin, 1961) . Since these studies demonstrated that effects occurred in the general population, we have used a simple technique to follow the response of selected individuals to periods of high pollution. Although the data have been derived from subjective reports, the results have proved useful in assessing the relative importance of pollution and weather in producing exacerbations of bronchitis. From small beginnings in the winter of 1954-55, these studies were enlarged to involve approximately 1,000 patients both in 1959-60 and 1964-65, so A=condition better than usual B=condition the same as usual C=condition worse than usual D=condition much worse than usual. The method was kept as simple as possible, and the diaries used had only a small space per day, to encourage the patients to use the code rather than to write comments. The results were examined around a period of high pollution in January 1955 (Waller and Lawther, 1955) and supported the view that high concentrations of pollution, measured in terms of smoke, sulphur dioxide or other associated pollutants, were deleterious to the health of bronchitic patients, even in the absence of wet fog.
In the following winter the study was extended to include 195 patients attending four other centres in London (the Hammersmith Hospital and the Chest Clinics at East Ham, Croydon, and Edgware). All of these patients had a history of bronchitis, 80% of them were men, and the average age of the group was 56 years (range 27 to 78 years). Other (Clifton, 1967) .
In Manchester (Fig. 4) and at the remaining three centres it was installed in the Chest Clinic. The apparatus consisted of a standard daily smoke filter, as used at our own laboratory and at many other sites throughout the country (Warren Spring Laboratory, 1966) , but sulphur dioxide was not measured. The smoke filters were changed daily by the occupants or staff at each site and sent to us once a week for assessment. Brief personal and clinical notes were obtained for each of the 246 patients originally enrolled for the 1957-58 study, and at some time during the course of the winter each was visited in his (or her) home. Nearly all the patients were within the age range 45 to 70: the mean age was 58 and 84% were male. Most were diagnosed as chronic bronchitics, with a history of cough and phlegm for more than five years. Few reported severe breathlessness, but most gave some history of wheezing. Just over half the men were in regular employment.
The type of heating in use was noted when visiting the homes: 71 % had open coal fires, and a further 9 % were using smokeless fuels on open fires. These proportions were typical of London homes at that time, but the situation is different now.
The results of the 1957-58 study were initially assessed on the 'scoring system', and as before there were sharp peaks in the illness curve and a gradual deterioration from the beginning to the end of the winter. The gradual change in the 'baseline' made it difficult, however, to compare the magnitude of the peaks at different times in the winter or in different winters. To overcome this difficulty, an alternative method of assessing the diary results was introduced. Each diary entry was compared with that on the preceding day, and the percentage of patients who became worse was calculated. The results are shown in Figure 5 . In a period of high pollution at the beginning of December 1957, there was a large increase in the percentage worse, to 28 %, and several smaller peaks in the illness curve also coincided with increases in pollution.
Temperature and humidity were also plotted but, as in the earlier study, these were not as closely related to illness as were the indices of pollution. London, 1957-58. change in condition at any time during the winter. The use of groups of subjects with limited mobility, whose pollution exposure could be defined more precisely than that of the general population, was also explored in 1957-58. Bronchitic patients living in Salvation Army homes responded in a uniform manner to periods of high pollution, and in 1958-59 this approach was extended to men in London prisons. These too gave a uniform response, and, among a total of 36 selected patients followed in that winter, 5400 became worse in the period of high pollution at the end of January 1959. Air pollution and exacerbations of bronchitis 'usual' condition, we proposed to assess the entries by noting whether they were better, same or worse than the day before. The new system allowed the patients to do this directly, and it was more flexible than the old since they could, where appropriate, indicate a continuous deterioration day by day without limit. We did not know, however, whether the patients would find it easier or more difficult to follow, and the results from the two systems were assessed separately in the first instance. The diaries were sent out at the end of October 1959, so that most patients had them in use by early November, and new diaries were issued to run from 1 January 1960. The study was concluded at the end of March and diaries covering the whole or part of the winter were received from 1,071 patients. There appeared to be no difference in the degree of co-operation received from patients using the two systems: 539 diaries were received from those entering 'ABCD' and 532 from those entering ' Entries from all returned diaries were accepted, even if they had been filled in for only a short period. Some patients showed little or no variation in condition throughout the winter, but their inclusion only 'diluted' the results from other patients and did not affect the position of peaks. In Fig. 6 the mean concentrations of smoke and sulphur dioxide at seven sites in Inner London, maintained by the Greater London Council, have been used to provide indices of pollution. These sampling sites are in the Boroughs of Lambeth, Kensington, and Chelsea, Camden, Hackney, Greenwich, and Lewisham: they were originally chosen to represent conditions in the inner residential areas of London, and they have remained in operation continuously since 1957. Results from these sites were used also by Gore and Shaddick (1958) in their study of daily variations in mortality in the County of London, and by Martin and Bradley (1960) patients were asked to use the 'better, same, worse' system, as this had proved to be as satisfactory as 'A,B,C,D,' and it simplified the analysis of results. Diaries were sent to 1,395 patients (the same number as in 1959-60), and in April 1965 1,037 (74%) were returned at least partially filled in. There was no need to send out new diaries half way through the winter, but letters were written to the patients then asking them to return a postcard confirming their co-operation. Entries from the diaries were punched directly on to 80 column cards (3 cards per patient). 3. The type of pollution found in London now, with much less smoke, and fewer days of high pollution of any kind, has led to a reduced response among the patients.
When individual diary entries were examined, it was found that many of the patients did not respond at all to episodes of high pollution, and others responded to just one or two of the episodes shown in Table II . One possible explanation was that patients were affected by the first period of high pollution that they encountered in each winter, and thereafter became relatively insensitive, due either to restriction of activities once they became ill or to protection afforded by therapy or by increased production of mucus. When the final study in the present series was planned for the winter 1967-68, these selected patients were used again to determine whether they might in fact be useful 'monitors' of the effects of pollution. Of the 87 patients selected, 50 were able and willing to participate again. To reduce the risk of patients filling in their diaries for long periods from memory (and evidence that some had done this had been seen in the earlier studies), weekly postcards were issued, drawn up for daily entries in the same way as the diaries, and stamped ready for return. The 'lapse' rate was reduced in this way, for enquiries were made immediately if postcards failed to arrive when expected. Results were graphed week by week, though it was disappointing to note that there were hardly any periods of high pollution to test responses. Pollution was measured at the same sites as before, and the results are shown in Figure 10 .
The outstanding differences between these curves and earlier ones are the very low smoke concentrations and the absence of any major peaks in smoke or sulphur dioxide. There was only one day in the whole of the winter when the concentration of sulphur dioxide exceeded 500 ag. fm.3 (9 November: SO2 605 ag.fm.3, smoke 317 fLg./m.3). The peak in the mean score curve on that day represented a deviation that was not quite twice the standard deviation, and there were other peaks of this magnitude that did not correspond with days of high pollution. There was still some overall association with pollution, and in Table III the correlation coefficients are compared with those obt?ined from the same (selected) group of patients in 1964-65.
The 1964-65 coefficients had been enhanced by the seleztion procedure, but, as in the whole population for that year (Table I) , the correlation with smoke was a little higher than that with SO2. The relationship with several other variables was also studied; in particular, the correlation with daily Mclnroy, 1967; British Tuberculosis Association, 1968) . As it is essential to maintain the patients' interest and co-operation, efforts have been made to find out which method of recording (on printed sheets, postcards, or pocket diaries) the patients preferred. Those who had tried more than one system favoured small pocket diaries that they could carry around with them. The use of postcards returned once a week helped us but was not popular among the patients. The diaries that were specially printed' to cover a whole winter season were the most convenient. 'Wandering baselines' were minimized by the use of questions relating to a change in condition compared with the day before. Only one simple question each day on general condition should be asked, since the inclusion of additional questions only tended to confuse the patient. The presence of a fairly large proportion of patients who do not respond at all to changes in the environment 'dilutes' the associations but does not cancel out the response of the others. Although we were able to select 'sensitive' patients from one study Biersteker, de Graaf, and Nass (1965) reported concentrations of sulphur dioxide in homes in Rotterdam that were on average only 20% of those out of doors, but they found one example of a house where indoor concentrations were consistently above those outside. This can happen when faulty flues or heating appliances allow fumes to escape into the room, and Biersteker et al. (1965) consider that this may be of some importance in episodes of high pollution, when there is little wind to induce draughts in chimneys.
One further reservation is that the measurements quoted in the present paper relate only to 24-hour average concentrations of sulphur dioxide and other pollutants. The evidence that we have from experimental work on normal subjects suggests that the effects of inhaling prepared mixtures of pollutants are of rapid onset, and peak concentrations encountered during the day may therefore be more relevant than 24-hour averages. The effects that we have resorted cannot be considered as the result of 24-hour exposures to at least 500 ,tg./m.3 of sulphur dioxide together with 250 ,tg./m.3 of smoke: they are more likely to reflect the effects of brief exposures to the maximum concentrations occurring during the day, and these may be several times the 24-hour averages (Waller and Commins, 1966) .
In this series we have not tried to differentiate between various respiratory symptoms, nor have we attempted to make any objective measurements of changes in lung function. Daily observations on ventilatory capacity in normal subjects and in a small number of bronchitic patients have been made in a separate study (Lawther, Brooks, and Waller, to be published), and in some individuals there is evidence of an effect of pollution. It is not, however, practicable to make daily measurements, even with the relatively simple peak flow meter, on large groups of subjects, and in a third study in our 'five-yearly' series which is now in progress 
